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ANALOGS ASO MOTQO FOR PRODUCTION THSEBOf 



Sagkgrouad of the Inygfttjffls, 

10 mm present Invention relates in genets! to 

thermally stable and pM stable analogs of the enayae 
subtilisin and to a method for generating such 
analogs. In particular, the present indention relates 
to analogs of Bacillus subtilisin having a substitution 

IS lor Asa 2 * 8 and "to a method for generating such analogs. 
The term subtilisin designates a group of 
extracellular alkaline serine proteases produced by 
various species of Bacilli. These ansymas are also 
called Bacillus serine proteases* Bacillus subtilisins 

20 or bacterial alkaline proteases. 

•The Bacillus subtilisin molecules are composed 
of a single polypeptide chain of either 274 residues 
(for subtil is in type Carlsberg produced by Bacillus 
licheniSormis and for the subtil isin produced by 

25 Bsc strain DT) or 275 residues (for 

subtilisin type BPN*, produced by Bacillus 
gmyio: x > and the ape A gene product of Bacillus 

.subtil is) . When comparing amino acid sequences of sub- 
tilisin from different strains of Bacillus the sequence 

30 of sub til is in BP®* is used as a standard. For example, 
based on an alignment of sequences that gives the 
highest degree of homology between subtiXisin Carlsberg 
and subtilisin %m* , the serine at the active site or 
the former is referred to as serine 221, even though it 

3S is located at position 220 of the amino acid sequence. 
On the same basis, position 220 of the amino acid 
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sequence of subtiiisin Carlsbarc may said to 
"correspond* to position 221 of subtiiisin BPN* . See 

364, 1537-1540 (1983). 
3 The X-ray structure of subtiiisin 

[Wright, at ai«, Nature, 221, 235 {1983}] revealed that 
the geometry of the catalytic site of subtiiisin, 
involving Asp 32 , His 64 and Ser 221 , is almost identical 
to that of the active site of siaaimalian serine proteases 
10 Cs*g*, chymottypsin) involving tins residues Aap IQa , 

His S/ , and Ser I9S . However, the overall dissimilarities 
between Bacillus serine proteases and mammalian serine 
proteases indicate that these are two unrelated families 
of proteolytic enzymes . 
1$ In the family of Bacillus subtiiisins complete 

amino acid sequences are available for four 
subtiiisins; Carls-berg, £ Smith, at a!,, 3U Slol. Chem^, 
243, 2184-2191 £1968.) i? SPH* [Markland, et al., J, Biol, 
Cbem», 242, 3198-8211 {196?}); the agrA gene product 
20 [Stahl, at al», J> Sacter jol, , 138, 411-418 (1984)1; and 
m Cfedkov, et al., supra 1 , Subtil is in Carlsberg and 
subtiiisin BFN« {sometimes referred to as subtiiisin 
Sovo) differ by 84 amino acids and one additional 
residue in BPH* (subtiiisin Carlsberg lacks an amino 
25 acid residue corresponding to residue 56 of subtiiisin 
8PN«). Smith, et al*, supra, Subtiiisin m is 274 
amino acids in length and differs from subtiiisin 
Carlsberg in 32 amino acid positions and from subtiiisin 
BPS* by 82 amino acid replacements and one deletion 
30 {subtiiisin m lacks an amino acid residue corresponding 
to residue 58 of subtiiisin BPS' } , Nedkov, at al,, 
supra « The amino acid sequence of the agrA gene product 
is 88% homologous to the amino acid sequence of 
subtiiisin BPS'. Stahl, et al*, supra , Thus, it seems 
35 that there is an extensive homology between amino acid 
sequences of serine proteases from different strains of 
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Bacillus. This homology Is complete In certain regions 
of the molecule and especially in those that play a role 
in the catalytic mechanism and in substrate binding, 
Examples of such sequence invar lances are the primary 
S and secondary substrate binding sites,- Ser^^-Leu 125 - 
GXy^ 2 ?~cn,yi^ and Tyr~^ respectively and the sequence 
around the reactive serine (221) Asn 2i8 ~Gly 2l3 «l!hr 220 - 
Se r 2 2 1 -Me t 3 2 2 ~ A 1 a 2 2 3 . 

Subtllisin molecules exhibit some unique 

10 stability properties. They are not completely stable at 
any pH value although they ere relatively resistant to 
denafcu rat ion by urea and guaai&ine solutions and 
enssyssatic activity is retained for some time even in a 
solution of 8 M urea, rn solutions at a pH beta 4 f 

IS subtllisin rapidly and irreversibly loses its 

proteolytic activity. Gounaris, et al. , Compt. Re nd. 
Trav, Lab. J; - - ^traced that 

the acid deactivation of subtiiisin is not due to a 
general charge effect end speculated that it is due to 

20 other changes in the molecule, such as protestation of 
histidine residues in the interior, hydrophobic parts of 
the molecule, in solution at pH above S, Bacillus 
serine proteases gradually undergo irreversible 
inaetlvation at a rate that increases with temperature 

25 and pH, The mechanisms of this inactlvation are not 
fully known but there is evidence indicating that 
autodigestion is responsible at least in part for enzyme 
instability at this pH range. 

The use of proteases in industrial processes 

30 which require hydrolysis of proteins has been limited 
due to enzyme instability under operational 
conditions, Thus, for example, the incorporation of 
trypsin into laundry detergents (e.g., Bio-38, Scbnyder; 
Switsetland) to facilitate ■removal of proteinaceous 

35 stains had a very limited success which was undoubtedly 
a result of enzyme instability under the cashing 
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conditions, It was only about I960, after the 
introduction of the use of bacterial alkaline proteases 
which are more compatible with detergents that proteases 
came to ha widely used Iii the detergent industry, 
5 For practical reasons many industrial 

processes are conducted at temperatures that are above 
the stability range of most enzymes. Therefore, it is 
reasonable to assume that highly thermostable proteases 
not only will be advantageous to certain industries such 

10 as detergent and hide dehairing, that already require 
stable proteases, but may be useful in industries that 
use chemical means to hydrolysse proteins e„g„ hydrolysis 
of vegetable and animal proteins tor the production of 
soup concentrates. 

15 It should be pointed out, however, that 

although thermal inacf ivatlon may be the most important 
©ode of en«yme inacti vat ion, factors other than heat 
such as extremes of pH, oxygen and denaturing agents may 
have a determinants! effect on limiting the use of 

20 proteases in industrial processes. It is therefore, 

desirable to obtain proteases that are characterised by 
improved stability under the operational conditions used 
in various industries. Such a goal may be accomplished 
either through searching for new more stable wild-type 

25 enzymes or through stabilisation of already known 
existing proteases. 

Even though the Bacillus-derived alkaline 
proteases are more compatible with detergent formula- 
tions than were the pancreatic proteases, they are still 

30 not ideal in ail respects. 

Over the past several years there have been 
major changes in detergent formulations, particularly in 
the replacement of phosphates with alternate builders 
and in the development of liquid laundry detergents to 

33 meet environmental and consumer demands. These changes 
create a need for chances in traditional detergent 
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ensysaes« Mors particularly it Has become desirable to 
employ proteolytic ensyssas which possess greater storage 
stability in liquid laundry formulations as well as 
stability and activity at broader ranges of pH and 
S temperature* 

In one. approach to producing modified sub* 
tilisins tot use in detergent formulations , as disclosed 
in European Patent Application No. 130,756, mutations in 

10 the subtil is in of Bacillus amylel-c . -s (8^ 

assylolicfu ef aciens ) at Tyr"" 1 , Asp 32 , Asn 155 , Tyr 104 , 
Mat 222 , Giy 166 , His 6 ' 4 , Gly 169 , Phs 1S9 , Sat 33 , Ssr 221 , 
Tyr 217 , Giu 156 , and/or Ala 132 are identified as 
providing changed stability, altered conformation or m 

IS having changes in the "processing" of the enssyme , In 
this context, mutation of Met 222 to Ala, Cys (which 
mutant also exhibits a sharper pH optimum than wild 
type) or Ser assertedly results in improved oxidation 
stability, Substitution for Gly 1 ^ 6 with Ala, Asp, Giu, 

20 Phe, Hys r Lys, Asn, Arg or t?al appears to alter the 

kinetic parameters of the enzyme » However, none of the 
mutations are disclosed to provide analogs having 
greater stability at high temperatures or stability over 
a broader pH range than the wild type enzyme. 

25 In another approach, it appears that the pH 

dependence of subtilisin may be altered, as disclosed in 
Thomas, et ai, Nature, 318, 37§~37§ (1985), by changing 
an Asp to Ser in Asp"~G.iy IQ0 of subbilisia . Shis 
change represents an alteration of a surface charge 14- 

30 IS Angst roms from the active site. However , the 
approach of Thomas, et ai* does not provide an 
indication of improvement where no change in surface 
charge is made, as is the case where one uncharged 
residue is substituted for another. 
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Summary of tfc» fgygfttion 

The present invention provides analogs of 
Bacillus serine protease products characterised, by 
5 improved pH and heat, stabilities., rendering them 

especially useful in detergent formulations as well as 
other processes requiring protease usage. The present 
invention also provides an industrially feasible 
recombinant process for preparing the products free of 
10 other proteases. Stable analogs according to the 
present invention are generally characterised by 
deletion and/or modification and/or replacement of 
either residue of Asn-Gly sequences present in the 
protease* 

IS it should he noted that, as employed herein, 

the term "subtiiisin" is used to refer to the mature? 
secreted farm of the ensystse which lacks leader sequences 
cleaved firom the mature ensyme prior to or at secretion* 
Present v — eferrea 

20 subtiiisin according fco the present invention have an 
amino acid sequence wherein positions comprising an Asn~ 
Giy sequence in the Bacillus subtiiisin do not comprise 
an Asn-Gly sequence in the analog, and in particular 
wherein there are £ ewer ten-Sly sequences than in the 

25 Bacillus subtiiisin, Most preferably, a position 

corresponding to position 2.18 in the amino acid sequence 
as set forth in 'table 1, does not comprise an 
asparaginyl residue, hut rather comprises a residue of a 
different amino acid, preferably an amino acid selected 

30 from among serine, valine, threonine, cysteine, 
glutamine and isoleuclne, To the extent that 
replacement of asparagine with certain amino acids may 
give rise to interference with active site conformation, 
{e.g., due to steric hindrance which may he introduced 

35 by the presence of an aromatic amino acid or changes in 
tertiary structure such as may be introduced by the 
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presence of a proline) substitution with such aau.no 
acids would ordinarily be less preferred. Likewise, to 
the extent that replacement of asparagine with other 
amino acids may introduce a charged group {e»g« r 
S aspartic acid) into the proximity of the active site, 
sueh substitution would be less preferred, Illustrative 
of a presently preferred embodiment of an analog 
according to the present invention is a FSer 2x8 3 -analog 
of the ap t A. gene product. Alternative embodiments of 

10 analogs within the contemplation or the invention are 
those wherein &sn 109 of subtilisin 8 PM 8 or of agrA gene 
product is replaced^ preferably by a serine, and wherein 
glycine residues at positions 110 and/or 2X9 are 
replaced by different amino aoid residues. In other 

15 subfcilisias, substitution for Asn at residue 62 or Gly 
at residue 63 of subtilisins CarXsberg or St are also 
comprehended by the present invention, 

A nucleic acid according to the present inven- 
tion has codons encoding a polypeptide analog as 

20 described above, 

A system for the product ion of subtilisin 
according to the present invention comprises a host cell 
in turn comprising nucleic acid encoding an analog of 
subtilisin as described above. In such a cell/ the 

25 nucleic acid encoding the subtilisin analog may be 

chromosomal or extraehromosomal* Ibe host cell is pref- 
erably selected from a strain deficient in secreted 
proteases , allowing for facile isolation of analog com- 
pounds , 

30 A detergent formulation according to the 

pj esent 

subtilisin having an amino acid sequence comprising an 
Asn-Gly sequence wherein one or both residues of the 
Asn-Gly sequence are deleted or are replaced. 
35 A method- for improving the thermal and pH 

stability of subtilising according to the present inven™ 
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tioa co^rises the step of substituting an amino acid ' 
other than asparagine for an asparagine in an Asn-Gly 
sequence and in particular for the asparagine residue at 
the position in tha amino acid stance of the 
S subtilisia which corresponds to position 2 IB in the 
amino acid sequence as disclosed in fable 1. 

Brief Deacrififcionoe the Drafting^ 

Fig. 1 schematically depicts the eyciisation 
of Asn-Gly residues, such as those found at positions 
218 and 219 of subtilisin as set forth in Table 1, to 
form anliydroaspartylgiycine and also depicts base™ 
catalysed hydrolysis thereof; 

Fig. 2 is a partial restriction map of an apt A 
gene-containing an ScoRI-Kpnl gene fragment of Bacillus 
subtllls (B^ subtil is ) strain QBX27 and includes a 
partial restriction map of the aprA gene and flanking 
sequences; 

Fig. 3 is a partial restriction map of a 
plasmid pAMSll; 

Fig, 4 is a flowchart depicting stages in 
construction of pAMBU3, a plasmid which directs 
synthesis of [Set ] 21s ~suhtiXisin from B, sufatllis host 
cells; and 

Fig, 5 is a partial restriction *aap of pmsiQ 

plasmid, 

Datailad Description 
30 

Bacillus serine proteases undergo irreversible 
inactivation. in aqueous solutions at a rate that is 
largely dependent upon temperature and pH, At pH values 
below 4 or above 11 the rate of inactivation is very 
35 rapid while at pJTs of between 4.5 and 10.3 the rata, 
although much slower, increases as the solution becomes 
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mart alkaline. In general, at any pH value, the higher 
the temperature the faster the rate of subtil is in deac- 
tivation* 

& conserved sequence, &sn~<*ly ? at positions 
5 103-110 and especially at positions 218-213 of Bacillus 
subtil is ins is identified herein as a major factor res- 
ponsible for the pH instability of. these substances, 
The sequence Asn-Gly in proteins and peptides readily 
undergoes eyciisation under various conditions, to farm 

10 the cyclic imide anhydroasparty Iglycina [Bernstein, et 
Methods i n gnayatol. , 47, 132-145 {19??}] , as 
illustrated in Fig, U Shis cyclic imide is susceptible 
to base-catalysed hydrolysis which preferentially 
produces a non-native, a~aspartyi peptide bond, 

IS Furthermore, the cyclic imide derived from Asn~Giy may 
serve as a target for specific cleavage of subtilisin. 
In fact, the specific cleavage of proteins at Asn-Giy 
bonce with alkaline hydroxylamine has become a common 
practice in the preparation of protein fragments for the 

20 purpose of amino acid sequencing, [Bernstein, et al. , 
s u pers :! 

Formation of a cyclic imide and/or s~aspartyl- 
glycyi peptide at Asn^ t8 ~Gly 215 of subtilisin is pre- 
dicted to cause irreversible 1 reactivation of the 

25 enzyme. This prediction is based on the close proximity 
of the unstable Asa-Sly element to a reactive serine 
located at position 221. & computer analysis of protein 
structures led to the belief that rearrangement of 
Am 4lB^ Qly ^ZlS t0 either anhydroasparty! glycyi or to 8- 

30 aspai ?1 jlyc results in a shift of the side-chain of 
Ser 22i away £tom the position it must occupy for the 
enzyme to be active. 

In order to eliminate the unstable element, 
Mn 2xB ~Gl% 2x9 , from the subtilisin molecule one can 

35 either replace As n 21 8 vith any amino acid other than 
asparagine and/or change Giy 2 ' 5 to any amino acid other 
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tha». glycine . t& a like manner,, modification of the 
unstable &sn~Qly element at positions .109-1X0 is 
expected to provide benefits in the stability of analogs 
of the Invention « 
5 The observed invar ianee of Gly 219 in sub- 

tilisins and in subfcilisin-like enzy&es Cucmisin 
from the melon Cueumis Halo Var Prince, Kaneda , et 
al,, J . Slocham. ; 93, S25-82S (1984); and proteinase R, 
a subtil isin-Uke serine protease from; the fungus 

10 Trititachium album, Jany et al», Biol . Chess . Hoppe-; • 
. Sevier. J^s' a"i fche assumption that if 

Gly 2i9 were any residue other than glycine, its side 
chain might interfere with binding of a substrate to the 
enzyme, make highly preferred the change of Asa 218 

15 rather than Giy 2i9 for the removal of the unstable 
&sn 2i8 ~01y 3i9 sequence * 

Sased on theoretical considerations and on the 
compilation and analysis of sequencing data? asparagine 
at position 218 was replaced by serine in the presently 

20 preferred embodiment of the present invention described 
in the following illustrative examples. This selection 
was based in part on the observation that the amino acid 
sequence around the reactive serine of cucumisin, a 
subtiiis in-like enzyme from melon fruit, has the 

23 sequence Ser~>3iy~Thr-Ser~Met (Kaneda,, et al,, supra j . 
Proteinase K has the same sequence around the active 
site. Jany et al w supra. It should be emphasised, 
however, that the selection of serine as a substitute 
for Asn k18 does not preclude achieving the same goal, 

30 i.e., elimination of the unstable element asn 218 -~GIy 2i9 , 
through replacing asparagine at position 218 with a 
different amino acid. It is preferred that an uncharged 
aliphatic amino acid, such as valine, threonine,, 
cysteine, glutasune or isoleueine be substituted for 

3S Ssn 2Is . 

Qua to their capacity to secrete substantial 
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quantities of proteins and because tbey are currently 
used to produce detergent proteases , B acillu s micro'- 
organisms represent a preferred host for recombinant 
production of the [Ser 21 3 j -subtilisin according to the 
S present invention. Because most Bacilli secrete alka- 
line and neutral proteases, It is preferable that 
am tat ions be introduced into the endogenous alkaline and 
neutral protease canes- of EL subtilis so that the 
mutated subtil lain may be produced and secreted by Bk 

10 subtil is in a medium free of other proteases. Thus the 
present invention also provides mutant strains of EL 
subtilis which are blocked with respect to the synthesis 
of endogenous proteases but which retain the ability to 
synthesize and secrete subtil is in analogs such as 

IS tSer 3i8 3-subtilisiru 

as described in greater detail below r it was 
found that the pH and thermal stability and the 
stab * n v percent formulations of [Ser 3l ^j-aprA 
gene product subtilis in is much greater than that of the 

20 wild type ap rA gene product subtilisin. 

The production of a stable subtilisin analog 
according to the invention included the following 
procedures i 

1. Isolation of the representative subtilisin 
as gene apr & from B. aubtilUft 

2» Cloning of the apr A gene on a vector 
which permits utilisation of oligonucleotide site- 
directed mutagenesis to create desired modifications; 

3, Site-directed mutagenesis and sequencing 
3.0 of the resulting ds?A to confirm the presence of the 

desired mutation; 

4. Construction of an expression vector to 
direct the synthesis of the mutated ensyme in Sl 
subtilis; 

3S 5, Construction of mutated B» subtilis 

strains which do not synthesize subtilisin and neutral 
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protease? 

6. Isolation of the ensyme in the extra- 
cellular growth mad 1 urn and .its purification? 

7, Assessment of stability and activity 
3 characteristics of the isolated product? and 

S„ Practice of procedures for insertion of 
the gens coding for the improved ansryme into the 
chromosome of a 8^ subtilis strain previously mutated to 
block synthesis of endogenous proteases,. 

10 In Example 1, the aprA gene encoding sub- 

tilisin is isolated from the S, svbt;.ii« genome* In 
Example 2, the aotA gene is subjected to site-directed 
mutagenesis. In Example 3, an expression vector con* 
taining the mutated ajgrA gene is constructed* In 

IS Example 4* two mutant strains of HU subtilis which 
produce no detectable extracellular proteases are 
constructed. Example S describes procedures for 
integration of a mutated aorA gene into the chromosome 
of B ._ subtilis < In Example S , wild- type and mutant aorA 

•20 subtil is ins are isolated and purified. Examples 7 

through ID compare the thermostability of [Ser^ 3 ] sub- 
tilisin to that of wild-type apt A gene product and to 
that of a. commercial BPS' product, 

2S Example X 

la subtilis strain 08127 { txpC2 leofe.8 
saeu'^200) [hepesant, et al. , Molec _ Gep_ Ge-^et . , 118 , 
135-160 (1982 "3 btai ed from the 3a>; ilus Genetic 

30 Stock Center at the Ohio State University, Columbus, 

OhiOv This strain overproduces extracellular serine and 
metal proteases., a- amy lass and levansucrase relative to 
Isogenic sacO* strains due to the pieiotropic effect of 
the sac0^200 mutation (Lepesant? at al. t in 

35 rh fssne, ~ > , „ , , \ ~:>~<j, Ame-;.car 

Society for Microbiology, Washington, D«C», p. 65 
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{197SJJ Strain 08127 was thus perceived to be a suit- 
able .source of DI4 ;&r isolating the aorA gene which 
codes for suhtilisin. 

Genomic DMA was isolated from cells oi B. 
5 subtllis strain Q812? by a published procedure [Saito, 
Bt al. , Siochim, Biophys. A cta* 72, €19-629 ( 1S63 ) 1 , 
Purified chromosomal DNA was digested to completion with 
the ScoRI restriction sndonuclease . 

08A fragments were resolved on a low-melting 

10 point agarose gel by electrophoresis and fragments in 
the 4,4 to 8.0 kiiohasa £kb> range were isolated by a 
standard DNA isolation procedure as recommended by the 
supplier (Sethesda Research Laboratories, Inc., 
Gaithersburg, Maryland}. These fragments were Xigated 

15 to pCFM936 deposited as No. 53,413 with the American 
Type Culture Collection, 12301 Park lawn Drive, 
Bockvilla, Maryland, on January 13, 1986, an gscherighla 
gg-li CJL coli) Walkaway* placid which displays higher 
copy numbers at elevated temperatures and which confers 

20 kanamycin resistance. 

The vector was digested with EcoRI and dephos- 
phorylated with calf intestine alkaline phosphatase 
prior to ligation.. 

Ligation products were introduced into |U coli 

25 C600 (available as A/LCC. 23724 from the American Type 
Culture Collection, 12301 FarkXawn Drive, Eockv.il.le, 
Maryland) and kanamycizi-resistant host cells were 
selected after overnight incubation on l~aoar supple- 
mented with 10 ug/ml kenamyoin, Flasmid DMA. was ampli- 

30 v e bj ;ui -5os cells a 42*C for 4 hours. 

Colonies were then transferred to nitrocellulose filters 
and processed by a published procedure referred to as 
colony hybridisation (Grnnsteln, at al.. , Froc. Sail. 
Acad, Sci. (USA), 72, 3961 (19?S}K 

33 ft probe was usee! to screen for colonies which 

harbored the subtiiisin gene on pCFM93S< The probe 
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[synthesized by the phosphite chemistry method of 
Beaucaga, et ai., T^^g^^Le.^, £ s ? 22, 359-1362 
(1981)1 had the nucleotide sequence 

(I) 5" GCGCAA'TC'rOTTCCTTATGGC 3' 
which corresponds to the amiao~t»rmitms of the a&rA gene 
product (Wong, et al.., ^^M^^MSi^~J£^OM|l ^ §i> 
1184-1188 (1984) ; Stahl, et ai., £i^acterioi^ 153' 
411-418 {1934}. A hybridisation temperature of S5*C was 
used and 5 positive colon! as vera identic out of a 
total of 400. The plasmM DSA from one of the positive 
colonies was designated p€FM93S apjcl* 

PXasaiid pCFM936 a£t2 was digested with looKI 
alone with Hind II I alone and witn E^h> - 
combination, Si.es of EgoRI fragments of the subtilise 
X% gene conformed to those described in Stahl, et ai . , 

suora, but several otherwise undescribed HindUX sites 
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discovered. As described in Example 3, two of the 



Hindi IX sites were employed for genetic manipulations of 
the subtilisin gene* 
20 it was determined that a large 6.5 kb BcoEX 

fragment of 8^ sub til is QS127 genomic DBA carried the 
mtA gene, its regulatory sequences and unrelated 
inking sequences by verifying that restriction enzyme 
digests conformed to the results reported by Stahl, et 
23 supra. This was confirmed by sequencing using 

the dideoxv chain termination method [Sanger, et aL, JN 
^,JBiol., 143, 181-178 (1980)1. k 3.0 kh BcoRI to 
KpjiX subfrsgment of the 6.5 kb EcoRI fragment, as 
Illustrated in Fig. 2, was also found to contain the 
30 aprA gene, its regulatory sequences, and unrelated 

flanking sequences, although the K^nl-Scoai fragment is 
reported to be 2,5 kb in length in the text of Stahl, et 
all, and in the legend to Fig, I therein, comparison ot 
the scale of fig. 1 and the scaled depiction of the 
3S rracmsnt tnerein caveal that, even in Stahl, et ai,, the 
Kgml-EcoRI fragment is subscan: tally larger than 2.5 kb. 



WO 87/04461 



PCT/US87/0002? 



~ IS - 

A cloning vector for Bacillus host systems, 
plasmid pAMBXX, was constructed as. SoXlows* The plasmid 
pTG402 (northern Regional Research Laboratories* Onited 
States Department of Agriculture, Peoria, XXiinois, 
5 strain number NRRI, B-15364) was partially digested with 
th » M&Z restriction endonucleasa > Fragments were 
llgatsd to Ml 3 mgIS -(available from Sethesda Research 
Laboratories, Gaithersburg, Maryland as catalog nuiafesr 
8227SA) which had been previously digested with 
10 §>&£ 11 * ligation products were introduced into coll 
JM103 (available from Pharmacia , Inc., Piscataway, New 
Jersey as catalog number 27-1545-01) by transformation 
CMandel, et al., J. ml, Biol, , 53, 154, (1970)], 
Bacteriophage plaques were sprayed with Q.SM catechol 
IS {prepared in distilled water) to detect the functional 
expression of the xyXS gene derived from pSG402, The 
££l£ gene encodes catechol 2,3~dioxygenase and is useful 
for detecting promoters in a variety of organisms, 
Zukowski, et aX» f free. ®&tl, Acad. Sci ^OSAJU 80, 
20 XX01~I10S {1983) . 

Tbs Eil® ge«« then transferred as a 1.0 kb 
§£2 SI to fragment to the |U coli/ B, sub ti lis plas- 

mid pHV33 {available from the American Type Culture 

Collection as A.T.CC, >17 - rose, a, I ; 

25 6, 193-201 (1981)1 obtained from R, Dedonder (Xnstitut 
Pasteur, Paris, France), The pSV33 plasmid had been 
previously digested with ScoRI and PstI so that the 
£yXS-containing fragment, when llgatsd in this region, 
would inactivate a gene for ampicilliri resistance. The 
30 resulting piasmid, pAM82i f contains a functional xylS 
gene in S, coll host cells, but requires the addition of 
a promoter for xylS to ha expressed in B« subtil is host 
ceils. Eh cell cells harboring pAMBSl are resistant to 
tetracycline (IS yg/mij and chloramphenicol (20 yg/ml) 
35 while S, subtUis calls harboring cAMB21 are resistant 
only to chloramphenicol (5 ug/ml) , 
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The t oop transcription termination- sequence of 
bacteriophage lambda was thm transferred from plasraid 
pCFM936 Con a 400 base pair ?stl to Bglll fragment) to 
the unique Pstl site of p&mil. h synthetic nucleotide 
3 with the sequence S' GATCTGC& 3* was constructed to join 
the Bo ill extremity ©£ the toop fragment to the Pari 
site of the vector pAMS2l, The -resulting plasmid was 
designated pAMS22 and had properties indent leal to 
pAMsai except for the inclusion of a transcription tor- 

IB minator . The pAMB22 plassaid is useful for detect Ing 
strong promoters that are functional xn 3^ subtllis. 

The 1,4 kb BooRX to JtejlII fragment of Q». from 
P&MB22 that contains xylS and toog was isolated from a 
l©w~meitlng point agarose gel after electrophoresis of 

15 restricted fragments ♦ The 1,4 kb piece of DNA was 
ligated to plasmid pB064 (available from Bacillus 
Genetic Stock Center, number IE22) which had been 
previously digested with Eco BI and SassHX » The result ing 
S»3 kb piasmid, pAMBli, contains the poly linker sequence 

20 of M13mjgl8 {ScoRX, Ssfcl, Xraal f Sma f BamHJ and Xbal ) 

upstream of the xvlg gene which is followed fay t oop , as 
shown in Figure 3, The pAMBll piasmid is capable of 
replicating in £L subtuis and confers upon host ceils 
resistance to chloramphenicol (5 yg/ml} and/or kanamyein 

25 (5 yg/ral). 

As illustrated in Fig, 4, the purified SeoBl 
to Spnl fragment containing agrA was cloned onto pAMBll 
to form. p&MSIil, Ligation products were introduced into 
subtills M1112 (arg-15 leuB thrS recS4] {available 

30 from Bacillus Genetic Stock Center as No, 1A423) by the 
protoplast transformation .me c hod (Chang, et al.» Hpl. 
Can, Genet 168, 111-115 (1979)], Bj. aubtilis HX112 
without piasmid DMA is protease^prof icient (Prt* 
phenotypa), but secreted levels of subtil is in are rather 

3S : shsni il™res stent (3? ) t;„ for nts were 

transferred onto b~agar plates supplemented with 1,5% 
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(w/v} skim milk and S uq/vzl cfeloramphsnicol., than 
incubated at 37«C. 

After overnight {approx. IS hrs.) incubation 
at 3?*c, colonies of MIX12 harboring the new recombinant 
5 plasmid {designated pAMSlll) produced a clear halo 

surrounding each colony, Halos vera formed by the pro- 
teolytic action of subtiiisin on the cassia component of 
the skim milk medium supplement. Mill 2 harboring the 
pAMBII vector alone had no visible halo after 16 hrs., 
10 although a slight halo eventually developed after 40 

hrs, at 37°C. Cells carrying pAMBill wars clearly dis- 
tinguished from cells carrying pMSli by a difference in 
halo siz@. The cloning of the aprA gene in a fully 
functional form was thus demonstrated to .have led to the 
IS high level production and secretion of subtiiisin by §L 
subtil is. 

1 -? ...1 

As further illustrated in Fig. 4 f the 3.0 kb 
SS2*I to ESR 1 genomic fragment, the isolation of which 
is described in Example I, was digested with Hindi t I to 
produce three fragments : (l) a 1,1 kb ScoRX to Hindi I I 
fragment carrying genetic regulatory sequences for &p ik 
gene expression, the >f pre~pro ! ' region of the gene 
required to extracellular export of subtiiisin, and the 
Dm sequence coding for the first 49 amino acids of 
mature subtil isin? (2) a 1,1 kb Hind III to Hindus frag- 
ment carrying DH& sequences coding for amino acids SO 
through 275 ( ca r boxy 1 -terminus) of subtiiisin along with 
a transcription termination sequence and 3 s non-coding 
sequences? and (3) a 0,8 kb Hindi It to Konl fragment 
containing 3* non-coding sequences, 

The LI kb fragment flanked by Hindi! I sites 
was cloned to the single Hindi II site of bacteriophage 
M13 ragls for the purposes of DMA sequencing and site- 
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directed mwfcag«n«sis. Sse of the recombinants, desig- 
nated Mi 3 mgi8 agr3, provided single stranded template 
Dm required tor site-directed mutagenesis of the &pr& 
gene , 

S The coding region of the agt& gene was 

sequenced and the results or the sequence are est out in 
Table 1 below* It should he noted that the specific 
identity of the initial 5 cottons of the leader region is 
attributable to the report or StaM, et <&U, sugra, and 

10 ?fong> et ai,, supra , of sequence information for the 
aorA gene, and that there exist codes sequence 
differences from Stahl, et al., supra , at amino acid 
positions 34 and 83 which may be the result of 
sequencing error on the part of the authors of the 

IS Stahl, et ai. reference or which may he the result of a 
difference in the nucleotide sequences of the strains 
employed. Specifically, Stahi, et aU , supra, reports a 
codon G-TT (coding for valine) at amino acid position 34 
while the codon Qfh (also coding for valine) appears in 

30 Table ,L Stahl, et ai,, supra , also reports a codon &GC 
(coding for serine) at amino acid position 85 as opposed 
to the codon GCG {coding for alanine) in Table 1, 
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Met Ary Ser Lys Lys Leu Trp lie Set Leu Leu Phe Ala 

' - 1 GCG 



he Th.r Met Ala Phe Ser Asn mt Ser sua 
TT ACQ ATC GCG TTC AGC AAC ATG TCT GCG 

Gin Aia Ala Gly Lys S*r Ser fhr Giu f,vs Lys Tyr lis Val 
LAG GCT GCC QGA AAA AGC AGT ACA GAA AAG AAA TAC ATT GTC 

-J? Gln thr Ser Ala Met Sar Sm Ala Lys Lys 

UGA TTT AAA GAG ACA ATG AST GCC ATG ACT TCC GCC AAG AAA 

i*Z V* 1 Iie Ser Giu L ? s «iy Gly Lys Val Gin Lys Gin 
AAG GAT GTT ATT TCT GAA AAA GGC GGA AAG GTT GAA AAG CAA 

Phe Lys Tyr Val Asn Ala Ala Ala Ala Thr Leu Mv> Giu Lys 
TTT AAG TAT GTT AAC GCG GCC GCA GGA ACA TTG GAT GAA AAA 

Ala Val Lys Giu Leu Lys Lys Asp Pro Sec Val Ala Tyr Val 
GCT GTA AAA GAA TTG AAA AAA GAT CCG AGG ;-?T GGA PA ' GTG 

-1 *:1 

1 ^ « U Giu rys Ala Gin S&t Val Pro 

GAA GAA GAT CAT ATT GCA CAT GAA TAT GCG CAA TCT GTT OCT 

10 

Tyr Gly Lie Sec Gin He Lys Ala Pco Aia Leu His S*r Gin 
TAT GGC AT - &AA 3CG CCG 

30 3D 

i s~i Lys GU Al ai lie i«r Ser 
GGC TAC ACA GGC TCT AAC GTA AAA GTA GCT GTT ATC GAG AGC 

40 

Gxy lie Asp Ser s«r Sis Pre Asp Leu Asn 7a i Arc Glv Gly 
GGA ATT GAG TCT TCT CAT CCT GAG IT A AAC GTC AGA GGC GGA 

m 60 

tm Giu >r Asri Ace Tyr Gin Asp Gly 
^,uA Auu TTC GTA GCT TCT GAA ACA AAC CCA TAC GAG GAC GGC 

70 

™ !tt l? 1 . ^ rh - h: - 3 — 3*y % *u lie Ala Ala Leu 

^bi iUT LAC GOT ACG CAT GTA GCC GGT ACG ATT GCC GCT CTT 
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Asn Asa Sac lie Gly Val Leu Sly Val Ala Pro Ser Ala S*t 
" " ' ~ " GGT GCT CTG GGC 



80 

AAT AAC GCA AGC GCT CTG GGC am gcg cm mc gca tca 

so ioo 

Leu Tyr Ala val lys Val Leu Asp Ser Thr GIv Set" Gly Gin 
TTA TAT GCA GTA AAA GTG GAT TCA ACA GGA AGC GGC CAA 

lis 

Tyr Set Irp lie >le Asa Gly lie Glu Tro Aia lie Ser Asn 
TAT AQC TGG ATT ATT AAC GGC ATT GAG TGG GGC ATT TCC AAC 

120 

Asa Met Asp val lis Asn Met Ser Leu Glv Glv Pro Thr Glv 
AAT ATG GAT GTT ATC AAC ATG AGC GIT r\ JA XT ACX GGT 

140 

Ser Thr Ala Leu Lys Thr Val Val Aao Lys Ala Val Sec Ser 
TCT ACA GCG CTG AAA ACA GTC GTT GAG AAA GCC GTT TCC AGC 

ISO 

Gly lie Val Pal Ala Ala Ala Ala Gly Asn Glu Gly Ser Ser 
GGT ATC GTC GTT OCT GCC GCA GCC GCA AAC GAA GGT TCA TCC 

M 170 

Gly Ser Thr Ser Thr Val Gly Tvr Pro Ala Lys Tvr Fro Ser 

GGA AGC ACA AGC ACA GTC GGC TAC CCT GCA AAA TAT CCT TCT 

ISO 

Thr He Ala Val Gly Ala Val Asa Ser Sac Asn Gin Arg Ala 
ACT ATT GCA GTA GGT GCG GTA AAC AGC AGC AAC GAA AGA GCT 

190 200 
Ser Phe Ser Ser Ala Gly Ser Glu Leu Aso Val Met Ala Pro 
TCA TTC TCC AGC GCA GGT TCT GAG CTT GAT GTG ATG GCT CCT 

210 

Gly Val Ser lie Gin Sec Thr Lau Pro Civ Gly thr Tvr Glv 
GGC GTG TCC ATC CAA AGC ACA CTT CCT GGA GGC ACT TAC GGC 

220 

Ala Tyr Asn Gly Thr Ser Met Ala Thr Pro His Val Ala Glv 
GCT ^ 3 W GGA A.CG 1 V m } ACT CCT C C VTG 2CC GGA 

230 240 

Ala Ala Ala Leu lis Leu Sar Lvs His Pro Thr Tro Thr Asn 

GCA GCA GCG TCA ATT CTT TCT AAG CAC CCG ACT TGG ACA AAC 

250 

Ala Gin Val Arg Asp Arc Leu Glu Ser Thr Ala Thr Tyr Leu 
GCG CAA GTC CGI GAT GGT TTA GAA AGC ACT GCA ACA TAT CTT 
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Gly Asn 8«r Phe Tyr Tyt Gly Lys Gly t,eu lie Asn Vai Gin 
GGA AAC TCI? TTC TAC ai GGA AAA GOG TTA ATC AAC GTA GAA 

a?s 

Ala Ala Ala Gin OC 

GCA GCT GCA CAA TAA TAGTAAAAAGAAGCAGGTTCCTCCATACCTGCT 
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■Site-directed mutagenesis was performed by a 
standard method, Morrander v et al . , Gens,, 26 , X 01.-10 § 
{1983} * Single~strande& Dm from Ml 3 .gjgj,« ,sgr2 was 
S annealed to the mutagenic primer 

which was synthesized by the phosphite chemistry method 
(Seaucage, et al. f supra) , The synthetic primer was 
homologous to codons for amino acids 216 through 230 of 
10 subfcilisin with the exception oi a single base change in 
the codon for amino acid 218 ( AGC instead of MG). Such 
a change allowed the mutagenic reaction to substitute a 
serine codon at position 218 in place of the original 
asparagina codon at this position. 
15 She synthetic primer was annealed to Mi 3 snolS 

»££ 2 mh at SS*C before being slowly cooled to room 
temperature (approx. 22*Cl, Polymerisation followed for 
2 hr> at 1S*C in a reaction mixture which consisted of 
12, S til of annealed mk solution, 2.5 ul of 10 m each 
20 MTV, dOTP, d€TP and dGTP , 2.0 ul of 12 km kTP t 0,1 ul 
Rlenow Dm polymerase, 0.1 ul T4 DMA ligase and 13 ul 
sterile distilled water. The resulting double-stranded, 
covalantiy closed circular m& was introduced into E. 
coli JM1Q3 by transf action. 
25 Bacteriophage plaques were then transferred to 

Gene Screen™ {Mew England Nuclear, Beverley, 
Massachusetts} hybr idisation membranes < Placues which 
contained DMA with the desired base change were identi- 
fied by hybridization to radio-actively labeled !t~ 32 P) 
38 synthetic oligonucleotide (2) used for the mutagenic 
priming reaction described above. Hybridisation was 
performed at a restrictive temperature (52*C) so that 
only m& carrying the Set 213 mutation would hybridise to 
the synthetic oligonucleotide. The presence of the 
35 Ser 213 mutation in the a-pr& gene on mm from a single 
purified plaque, designated H13 mp.13 agr2 [Serj 218 , was 
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confirmed by DMA sequencing by the method of Sanger, et 
supra. 

Example 3 

In order to express [ Ser ns >subtilisin in 8, 
liMliiS" a suitable plasmid vehicle was constructed fay 
digesting pAMSlll with Bln&XlX. The Li kb segment 
carrying most of the agrA gene was deleted by re~ 
: legating HindllX digestion products of p&MBUX at a 
concentration of approximately Ug/ml, This resulted in 
the formation of pAMBIlO as illustrated in Fig, 4. The 
pAMBllo plasmid carries genetic regulatory sequences for 
expression of the subtiXisin gene, the "pre-pro" region 
required for secretion of subtiXisin, and the DM 
sequence coding for the 3' non-coding region of mature 
subfcUiain and the first 49 amino acids of mature 
subtiXisin, Because it is lacking DHA coding for amino 
acids 30 through 27$, p&MSXXQ does not synthesize sub- 
fciUsls when introduced into subtil is host cells. 
Subtil i sin is synthesized only after insertion of the 
remainder of a subtiXisin gene, either the native DMA 
sequence or an analog-encoding sequence, such as a 
sequence encoding { Ser 218 1-subtiXisln, 

Boubls-s trended DMA from Ml 3 asplg &pj_2 
I Ser] 2x8 was digested with Hindi I I ♦ A 1 , X kb fragment 
carrying the aprA gene segment with the Ser 218 mutation 
was then iigated to pAMBXXO which had been previously 
digested with Hindi ix. Ligation products were intro- 
duced into 8^ gubtills by transformation as in Example 1 
above. Ligation of the X . I kb Bindiri fragment in the 
correct orientation .{as confirmed by DMA sequencing by 
the method of Sanger, efc ai* supra) for expression of" 
the mutated gene resulted in the construction of 
pAMEli.3 , a piasmid which directed synthesis and secre- 
tion of [Ser 2l8 j~-subtiiisin from sub tills host 
cells. 
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Bgample 4 

Because most sac i 111 secret® alkaline and/or 
neutral proteases into the surrounding growth medium, it 
3 is preferable that mutations be introduced into endog- 
enous alkaline and neutral protease genes of 8, subtil is 
to block their synthesis so chat mutated subtilisln 
genes , when introduced into the mutant ceil, may produce 
mutated subtilising which will then be secreted in a 

10 medium tree of other proteases likely to interfere with 
isolation of intact subtiiisin analogs. Two mutant 
subtil is strains 82-3.4 and 8225, which produce no 
detectable extracellular proteases, were constructed in 
the following manner. 

First, a piasmid vehicle capable of replica t- 
i«9 In IL c oll , but not in subtilis unless integrated 
into the |u subtilis chromosome by homologous recombina- 
tion, was constructed as follows, Piasmid p8064 
(Bacillus Genetic Stock Center;, Slumber 1S22) was 

20 digested to completion with gga.Il to produce three frag- 
mente og 2. 93 kh, 1..S kb and 0.75 kb in sire, these 
fragments were then iigated as a mixture to piasmid 
pBS322 (A.T.C.C. 37017} which previously had been 
digested with Clal . Ligation products were Introduced 

25 into £^ coll C600 {available from the American Type 

Culture Collection as A.T.C.C. 23724} by transformation 
[Handel, et al., J. «ol, Biol., 53, IS 4 (1970)]. Selec- 
tion was for cells resistant to chloramphenicol . C 20 
ug/ral) and ample 11 lin (5G wg/ml). Piasmid Dm from 12 

30 transformants was prepared by an alkaline extraction 
procedure [Bimbo las, et ai , , m c a, - — _ 7, 
lbli~152^ , tnen digested ^ \ ^coRJ 

in combination to verify the presence of inserted frag- 
atent(s). One such piasmid, designated pA»S30, was found 

35 to carry the 1,0 and 0,75 kb Spall fragments of pBD64 in 
the Clal site of pSR322. These fragments contain the 
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chloramphenicol acstyltransferase (cat) gene which is 
functional in g. coii and subtil is. Digestions with 
B£lXl and, separately, with Sau3& confirmed the identity 
and orientation of the cat gene on pAMS30* as 
illustrated in Fig, 5. 

•Because pAMB30' lacks an origin of replication 
sequence which is functional in subtil is, it cannot 
replicate as an autonomous raplicon in subtil is host 
ceils, On the other hand, pAM33Q contains th7'pB8322~ 
derived origin of replication which is functional in 'S. 
coli r thus the plasmid can be propagated in |U coii host 
calls, Plasmid pAMB30 is useful in at leastTa ways,/ 
First, a fragment of 0UA which contains a functional 
origin of replication in B t subti l is may be detected 
when cloned onto pM1830 such that the plasmid will 
autonomously replicate in the extrachromosomal state. 
Second, plasmid pA*B3G can integrate into the genome of 

ta^iii at a site of homology between the chromosome 
an<5 !L sufeSlMs D?m cloned onto pAMB30* Such an event 
has been repeatedly demonstrated in the past 
[Haldenwang, et al„, <T« Bacteriol. , 142, 90-98 (1980)? 
Young, J ^_^.„ Microbial. , 129, 1497-1S12 (1983)] by 
using plasmid vehicles similar to, but not identical 
with, pAMBjO, 

Plasmid pAHB3X {described in .Example 1) was 
digested with ScoRI and Pstl to isolate the xvls gens on 
a 1,0 kb fragment, fh* fragment was iigated to pAM830 
which had been previously digested with 8coRI and 
Pstl. ligation, products were iiitrccuced into E, coii 



rornsatxon. Selection, was for chlor- 



amphenicol resistant (20 ,g/ml) best ceils which were 
sensitive to ampiciiiin { SO yg/ml) due to the insertion 
°* th8 ^ S fragment of pAKS21 into the structural gene 
ampiciilin resistance of pAM830. The resulting 

- has properties identical to phMB 3 G 
has, in addition, a functional xylS gene. 
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Flasmid pAMBllO, which carries the' apr & gene 
delated of a region coding for the latter 22S amino 
acids of mature subtilising was digested with ScoRX and 
IBS 1 * Ths i * 9 kb fragment of §u subtilts DMA containing 
S genetic regulatory sequences tor aprA cane express ion ,■ 
"the pre-pro" region, the DMA sequence coding for the 
first 49 amino acids of stature subfcilisin and 3.* non- 
coding sequences was ligated to pAMB3Q/21 that had been 
previously digested with SCoRI and KpnI. Ligation 

10 products were introduced into coll CSQu by 

transformation, Plasmid Dm from several transtormanfcs 
was isolated by the alkaline extraction procedure of 
Bitnfooim, at al. f supra, and the presence of the 
inserted 1.9 kb fragment was verified by multiple 

IS restriction andonuciease digestions. One such plmmiZ, 
designated pAM83Ql, was retained for further use* 

subtil - -rain BGSCIA274 (Bacillus Genetic 
Stock Center) carries a mutation at the ngr locus' and is 
incapable of producing extracellular neutral protease. 

M The plasmid pAMSSQl was integrated into the genome of B. 
subtil is 3GSC1A274 by transformation of competent cells 
[Spislsen, Proe. Matl> Acad. Scl. tgSA) t 44 , 1072-1078 
C1938}|. Selection was for chloramphenieol-rasistsnt (3 
ug/mi} host cells which were then transferred by sterile 

2S toothpicks to L~agar supplemented with 1.5% ftp/*) 

powdered skim milk and (S R /ml} cloramphenicoi. those 
cells which failed to produce a clear halo surrounding 
the colony were deficient .in the ability to produce 
extracellular neutral and sarins proteases due to the 

30 combination of the npr mutation along with the newly 
introduced ap_rA mutation. The. agrA mutation was a 
deletion of the latter 226 amino acids of mature 
subtilisin due to the replacement of the wild-type aprA 
gene with the deleted version carried on pAMBSOl, One 

35 such strain,, designated 3224, has the Npr" Apr"* Cm r 

phanotypa, thus it produces no detectable extracellular 
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neutral protease nor extracellular alkaline protease and 
is resistant to chloramphenicol at 5 yg/ml. Southern 

blotting [Southern, j , -Hpl , Bi ol . r 98, §03-51? $1975}}. 

was use<3 to confirm the delation in the apt A gene on the 
5 chromosome ot Eu subtil is B224, Cultivation of B< 
subtiiis 8224 in Antibiotic Medium Ho, 3 (Fenassay 
Broth, Difco, Detroit/ Michigan) in the absence of 
antibiotic selection, foe approximately 32 generations 
lad to the isolation of a derivative strain of 8Z24 in 

10 which the cat gene cantering chloramphenicol resistance 
upon host cells was lost due to its instability in the 
8224 chromes-case. Such a phenomenon has been previously 
observed in similar experiments [Stahl* et al., 
Bacterid., 158, 411-418 {1984)1% h chloramphenicol- 

15 sensitive derivative o£ 8224 was designated B22S, 
subtil is B225 has the Spr"* Apr" phenotypa, thus it 
produces no detectable extracellular neutral protease 
nor extracellular alkaline protease. Southern blotting 
was used to confirm the deletion in the aprA gene on the 

20 chromosome of £u subtil is S235, 

Because subtil is 8225 produces no 
detectable extracellular neutral protease nor 
subtilisin, it is a useful heat strain for introduction 
of plasmid DMA,, such as pAM8113, for the production of 

2S mutated sub till sins which may be secreted into the 
surrounding growth medium free of other proteases « 

subtilis 8225 produces no detectable extra- 
cellular proteases when culture super net ants are assayed 
as described below, 3^ subtilis 822S/pM18ll3, which is 

38 8225 that harbors plasmid pAHBili {introduced by the 
protoplast transformation method of Chang, at al, , 
su&r&) produces appreciable quantities of iSer 2IS ]~ 
subtilisin when culture super natants are assayed as 
described. 
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Integration of m* tSm u ^mbtlUsin gene 
into She chromosome of BU subtil. is was believed to 
S provide an efficient way of increasing genetic stability 
of this mutant gene. Such an approach also alleviates 
the requirement for chloramphenicol in the fermentation 
medium which is otherwise needed for application of 
selective pressure to maintain piasmid t>m in the extra- 

10 chromosomal state, therefore, the (Ser 218 3-subti.lisin 
gene, along with its genetic regulatory sequences and 
flanking ORA homologous to the aubtilis chromosome, 
was isolated from a low melting point agarose gel after 
electrophoresis of pAMSil3 which had been digested with 

IS ScoRI and Pat! in combination. The 4«0 kh EcoRX to Wbl 
fragment {illustrated in Fig, 4 J was then ligated to 
i»W3S (illustrated in Fig. 3) which had been digested 
with ScoRI and Pstl in combination,. Ligation products 
were introduced into S. coll HB 101 {A>T,€.C. 33694) by 

20 transformation. Selection was for ceils resistant to 
chloramphenicol (20 jsg/mX}. Flasmid DMA from four 
trans formal* ts which met the criteria above were isolated 
by the alkaline extraction procedure of Birnboim, et 
al., supra , then digested with ScoRI and ffstl in 

25 combination. All four plasmids contained the 4.0 kb 
insert and the 3.5 kb remaining portion of pAMS30. One 
mch piasmid, designated pmmot, was purified and 
retained for further use* 

Repeated attempts to integrate plasmid pAMB3Q2 

30 into the chromosome of 8^ subtil is BZ25 by the 

competence method [spisisen, supra] were unsuccessful < 
This may have been due to the failure of B225 cells to 
become competent fay the method employed- Therefore, 
P&MB3Q2 was introduced into 3, subtil ie BZ2S cells by 

35 the protoplast transformation method of Chang , et al., 
supra-, This is believed to be the first demonstration 
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that the protoplast transf ormation method Is successful 
for obtaining integration of heterologous ' DH& in 
Bacillus. This result is particularly significant in 
that research strains in which integration has been 
5 obtained were selected on tfee basis of transformation by 
toe competence method. Strains which may be unable to 
become competent, and in particular industrial strains 
which were not selected on the basis of transformation 
by the competence method, may be more likely to be 

10 unable to become competent* 

Selection was for chloramphenicol- res I&tapt 
ceils (5 ug/ml) ceils, which ware then transferred with 
sterile toothpicks to L~agar supplemented with 1,5% 
(w/v) skim milk and § ng/ml chloramphenicol. Cells were 

15 incubated overnight at 37*0, Clear haios of different 
diameters were observed around the Cm r colonies, fhis 
indicates that subtilisin was produced and secreted by 
these cells. An attempt was mads to isolate plasmid DMA 
from eight of these colonies by the alkaline extraction 

20 method, Mo plasmid DMA was detected on agarose gels 
which were stained with ethidium bromide (1 ug/ml} to 
visualize DMA after electrophoresis. The absence of 
extrachromosomal piasmld DMA in the Cm* cells which 
produced subtilisin was a strong indication that p&M8302 

25 had been integrated into the chromosome of B, 
v lis , 

Several colonies resulting from this 
experiment were isolated and designated 8228,. SZ2:9, 
3230, 8231, 8332 and B233, Each strain was grown 

30 overnight at 37 8 C with vigorous shaking in brain heart 
infusion medium (SKI, Direo) supplemented with 5 ug/mi 
chloramphenicol. Culture: .supernatants were assayed for 
subtil, is in activity, 8, sucr : ; strains 8228, 
8230, 8832 and B233 all produced subtilisin and 

35 secreted it into the surrounding growth medium, some 

strains producing more than others, The amount of sub- 
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tilisin observed in the liquid culture broth was 
directly proportional to the sise of the halo observed 
on skim milk L-agar plates. Because of the amounts of 
sub tilisin secreted by .these calls differed,, it was 
5 postulated that either multiple copies of p&mz 02 werg 
integrated into the chromosome or that gene amplifica- 
tion (Young, J. Sea. Micr obiol >, 129 t 1497-1512 (1983)? 

16 , ta 3-12 (1985) 

had taken place, 

10 

Exam ple $ 

Wild-type suhtilisin, from BZZS/p&mill,. and 
[Ser 218 j~>suhtiUsin, from BS35/pAMB113, were isolated 
13 and purified as follows. Bach culture broth was 

centrlfuged at IS.OOOo for 30 ainwtes and protein in the 
clear supernatant was precipitated with i"8H 4 ) 2 S0 4 (35Dc 
per liter). -The precipitate was collected by 
centrifugation and after trituration with 75% acetone, 
20 it was filtered and dried under a vacuum. 

In order to further purify the enzyme, the 
dried precipitate was dissolved in, water and the solu- 
tion was filtered and then diaiysed against 0.02M sodium 
phosphate buffer at pH 613, The dialysed solution was 
25 passed through a column {2.5 15cm) of carboxyrothyX 
cellulose at a rate of 2 ml per minute. After washing 
the column with 0.Q2M sodium phosphate {pH 6*3), the 
ensyme was eiuted with the same buffer containing 0.1SM 
NaCl. Peak fractions were pooled and protein from the 
30 fractions containing the m&tymm, as identified by a 
color change In a sample of the fraction mixed with 
sucoinyi-~L™aianyl-L-aXanyi-L~prolyi-L~phenyiaianyl-»p<* 
nitrcanilide {Vega Biochemical*) , were precipitated by 
addition of 2.5 volumes of acetone. The precipitate was 
35 collected by centrifugation and then dissolved in 0>0Q5M 
calcium acetate {about 1 ml per 10 xng). The resulting 
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solution was dialysM at 4*C apkst vat*r and then 
iyophilised. 



20 



5 Because tbe present- invention relates to the 

stabilization of Bacillus subtil is in, an analysis of 
ensyme stability and quantitation thereof was 
undertaken, 

Most enzymes- .express their biological acti- 
10 vifcy, i.e., catalysis of chemical reactions, only within 
a narrow range of pH and temperature. Moreover, even 
under optimal conditions, the ensyme will retain its 
activity only if its polypeptide chain is folded in a 
manner that forms the so-called native conformation. 
IS The native form of an enzyme is thermodynamics liy more 
stable than the denatured or unfolded form by an average 
of 10-13 kiiocaiories per stole. Unfolding of the native 
structure often occurs when the enzyme Is exposed to 
extremes of pH or temperature, or to certain concentra- 
tions of chemicals such as detergents, urea and organic 
solvents. Removal of these denaturing' agents often 
result in spontaneous refolding of the peptide chain to 
the native form, and in restoration of the original 
enzyme activity, 
25 Irreversible loss of enzyme activity may occur 

due to cleavage of the polypeptide chain or due to 
modification of certain amino acid side chains, 
especially if these modifications alter the native 
architecture of the enzymes! active site. Examples of 
30 such modifications include the dsamidation of 

asparaginyi and glutaminyl residues, the oxidation of 
methionyl residues and the hydroiytic cleavage of 
cysteine to form one residue of thiocystelne and one of 
dehydroalanine, The present invention provides an 
33 additional example in che form of the irreversible 

inactivation through cyciization of Asn~Gly sequences. 
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When the enzyme preparation includes several 
easrymafcic forms which inactivate at different rates 
and/or when the inactlvation process occur through a 
number of mechanisms, the kinetics of inaetivation are 
5 complicated, However, for most enzyme preparations at a 
suitable range of pa and temperature, the thermal 
inactlvation follow first-order kinetics, -i.e., the 
residual enzyme activity decreases as a function of time 
along an exponential decay curve, Oncer these 
10 conditions the half-life {T i/a } of the enzyme is 

independent of the initial enzyme concentration and may 
be calculated according to? 

x 1/2 ~ inA r OT~ 

in which A ;l and A 2 are the enzyme activities at times 
and t 2 respectively. 

In general, everything else being equal y the 
half-life of an enzyme in solution is shorter at higher 
temperatures . 

In order to compare the thermostability of the 

[Ser 2X8 j~apr& gene product subtiiisin to that of wild- 
25 ' ' « ' 

«yP« ^ ene product subtiiisin and subtiiisin WW 

(Sigma) r solutions of these enzymes {1 mg/ml) were 

prepared in Q.iM sodium glycinate buffer at pH 10,0, 

The solutions were incubated at 52°C and after various 

times aliquot* {20 yl) were drawn and mixed with 900 ul 

*° o£ 0,2% casein solution in 0.1,H Trie buffer at pH 

0,30* As a control, the substrate (casein) solution was 

incubated with 20 »i of enzyme buffer. The hydrolysis 

o£ casein at room temperature was terminated after IS 

minutes with the addition of 200 ul of 10% 

trichloroacetic acid, The hydrolysate was separated 

from the precipitated protein by cantrifugation and its 
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ultraviolet CUV'} ahsorbanee at 280nm, as compared to the 
control* was measured by an 8451A Diode Array 
Spectrophotometer available from Hewlett Packard. 
Substrata concentration was such that enyame activities 
5 were directly proportional to the CIV" absorbances at 
28Qnm reported in Table 2. In this table the values in 
parentheses represent percentages o£ initial enzyme 
activities. The last column in table 2 shows the 
calculated half-life of the three enzymes, and it can be 
10 seen that the hair-life of the mutated [Set* 18 jag* A gen© 
product is more than three-fold longer than the natural 
a££A gene product and suotilisin under the tested 

conditions, 
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Example 8 

For determination of thermostability of 
subtilising in the presence of detergents* the liquid 
S laundry detergent IM Plus* (Procter & Gamble) was used 
after diluting it with water (1:9) and completely in- 
activating the original protease activity by warming it 
to 6S°C for 30 minutes, The pH of the resultant deter- 
gent solution ms 7.50. Using the casein assay and the 

10 procedure described in Example 7, the stabilities of 
(Ser 218 jag£A gene product, wild-type agr& gena product 
and subtilisin Mm* (Sigma) were tested in the detergent 
at 45*C. The results are shown in Table 3 in which 
enssyme activities are expressed as percentages of 

13 original enzyme activities, Again, the half-life of the 
subtilisin analog was on the order o£ three-fold greater 
than the natural products under the test conditions. 
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^fh® above-tabulated results demonstrate that 
th» tSer 218 j -analog of the agg& gene product exhibits 
greater stability than the wild type agrA gene product 
or subtilisin SPN' in 33R& Plus* which, with a pH of 7.S, 
3 may be described as a cation ic bo neutral detergent and 
which most likely has bean formulated to be compatible 
with inclusion of detergent enzymes. These results do 
not assure, however, that the [:§«r 2 %~Sgt& gene product 
will ba compatible with all current commercial detergent 
10 formulations, e.g., those which have been formulated to 
the exclusion oi detergent enzymes. For example, in 
preliminary tests with a 21 (w/v) solution of Tide®, 
which may he described as an anionic to neutral 
detergent having a pH of greater than 8,5 and which 
IS excludes detergent ensymes in its formulation, the 
sufotiiisin SPN* exhibited greater stability than the 
^lid-type and [ Ser 218 ]-a£cA gene products. The 
CSer 2l8 !»»a£rA gene product in that same test, however, 
showed greater stability than the wild-type aprA gene 
product, ^Although the different relative performance or 
the C-Ser :2xS l-|g£A gene product and subtilisin §m* in 
ERA »lus* and Tide* is as yet unexplained, the ex- 
perimental results suggest that proper formulation of 
detergent compositions is a prerequisite for optimal 
2S performance of enzymes included in such compositions. 

What has been clearly demonstrated is that the (Ser 218 l-~ 
«S£ A product consistently possesses properties 

superior to those of the wild type aprA gene product, 
and it is believed that analogs of subtilising Carlsberg 
30 and BPS' according to the present invention will also 
possess greater stability than the corresponding wild 
type ensyme> 
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gig 9 

Using succinyI^L-alanyI"L~aXanyl--L^proi v /l~'&~ 
pheaylalanyi~p-ra.troaaili.4e {Vega Biochemical®} as 
5 substrate and the rate of increase in absorbahce at 

405nm due to release of p~nitr©aniiine [Del .Mar,- et al,, 
Anal, Blochem, , 99, 316-320, {1379)1 to measure enzyme 
activity, the thermostabilities of [ Ser 218 jagrA, wild- 
fcyp® aprA and subt.il.lsin 8^* (Sigma) in 0.1M sodium 

1(3 phosphate buffer at pH 7.5 wars determined as follows. 

Enisyme solutions of about 0,5 Anson units per 
liter were incubated at 40 *C and 5Q*C, and at various 
times aliquots {20 ylj were drawn and diluted into 180 
al of ice-cold 0.1M sodium phosphate buffet at pH 7.5. 

15 .10 vl of the thus diluted sample was mixed with 890 ul 
of law succinyl-L-alanyl-L-alanylH^rolyl-t,- 
phenylaianyi~p~nitroanilxde in oaM Tris HC1 pH 8.2 and 
the ahsorbanees at 405 nm w®r& measured every IS seconds 
for 5 minutes on a Hewlett Packard, 8451A Diode Array 

20 Spectrophotometer . Residual enayme activities after 
various incubation times are expressed in table 4 and 
Table S as percentages of the corresponding initial 
activities. The procedure was then repeated in 0,1M 
sodium phosphate buffer at pH 9,0 and the results are 

25 set out in Sables 6 and 7. 
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Example 10 

In order to fast pH stability of the [Ser 21 - 8 ] 
analog, the procedure of Example 7 was carried cut at pH 
S 4.8 and roost temperature and the results are set out in 
fable 8. 



StasiUty of £Ser 21& )aprA Gene Product vs. 
Wild > M Sodium 

Phosphate Suffer at pH 4.8 

Haif-I if e of th>-> 
15 £££ita§® .0 . Hours 4 Days ^ > fays) 

[Ser 2 ^]a£rA 100 $S% 44.0 

Wild-Type agrA 100 47% 3.7 



While the present invention has bean described 
in tense of preferred embodiments it is understood that 
.modifications and improvements will occur to those 
skilled in the art. For example, the sequence Asn-Gly 
appears at other points In subtiiisins, such as at 
residues 109 and 110 of the aprA gene product and 
subtilisin 8 PS* and at residues 62 and 83 of subtilisin 
Carisberg and of subtilisin DY < Thus,, it Is expected 
that substitution of residues onher than Asn and «lv «r 



re - ;? - 1 



xpected 



tor such substitut 
the Asn~Gly sequence and in other proteins comprising 
this sequence. Furthermore, it is expected that a 
subtilisin analog according- to the present invention 
possesses superior properties to wild type subfcilisins 
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in detergent formulations mch m those disclosed in, 
for example, U.S. Patent so, 3,732,170? |JVS> Patent to. 
3,743,671 and tr,S» Patent So, 3,790,-482, all of which 
are incorporated by reference herein. 
5 Moreover, for practical reasons many 

industrial processes are conducted at temperatures that 
are above the stability range of most enzymes-, 
-Therefore, although detergent applications have bean 
emphasised, herein, it is believed that thermostable 

10 proteases according to the present invention are not ' 
only advantageous to certain Industries such as 
detergent and hide dehairing, which already require 
stable proteases, hut also may be useful in industries 
that use chemical means to. hydroiyge proteins* e.g. 

15 hydrolysis of vegetable and animal proteins for the 
production of soup concentrates* 

Therefore, it is intended that the present 
invention be include ail such modifications and 
improvements as come within the scope of the present 

20 Invention as claimed. 
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1, to analog of a Bacilias aubfciHstn, said 
|aeiUuB subtilisin having an amino acid sequence 

5 comprising an &sn~SXy sequence, wherein one or both 
residues of said Asn~<51y sequence are deleted or are 
replaced by a residua of a different amino acid,, 

2, The analog as reel feed in claim l wherein 
10 an asparaglnyl residue in said Asa-GXy sequence is - 

. replaced by a residue of a different amino acid* 

3, The analog as reel ted in claim I wherein 
an asjparaginyl residue in said Asn~GXy sequence is 

IS replaced by a residue of an amino acid from the group 
consisting oi serine, valine, threonine, cysteine, 
qlutamine and isoieucine* 

4, The analog as recited in claim 3 wherein 
20 said asparaginyl residue in said Asn-SXy sequence is 

replaced by serine . 

5, An analog o£ a Bacillus subtilisin having 
an amino acid sequence wherein an aspatginyl residue 

25 naturally occurring at a position corresponding to posi- 
tion 218 in the amino acid sequence disclosed in Table 1 
is replaced by a residue of a different amino acid, 

S» The analog as recited in claim S wherein 
30 an asparaglnyl residua at said position is replaced by a 
residue of an amino acid from the group consisting of 
serine , valine, threonine* cysteine, gluta.mi.ne and 
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7, The analog as recited in claim 6 wherein 
a seryl residue replaced said asparaginyl residue , 

8, fhe analog as recited in claim 5 whersia 
5 said anal 09 is an analog of a naturally occur ring 

Bacillus subtilisia in a strain selected from the group 
consisting o£ suhtilisla CarXsb.«rg, subtilisin m f 
subtil isia BPN* and aprA gen© product, 

18 9. The analog as recited in claim 8 whs rain 

all residues except the residue at position 218 comprise 
amino acid residues as disclosed in Table 1* 

10, A nucleic acid encoding an analog of 

15 Bacillus subtilisin, said Bacillus subtilisin having an 
amino acid sequence comprising an Asn-Gly sequence, 
wherein codons which encode one or both residues of said 
Aan-Gly sequence are deleted or are replaced by codons 
encoding a different amino acid residue, 

20 

11, She nucleic acid as recited in claim 10 
encoding a polypeptide wherein an asparaginyl residue at 
a position corresponding to position 218 in the amino 
acid sequence disclosed in Table i is replaced by a 

25 residue of a different amino acid, 

12, The nucleic acid as recited in claim 11 
wherein said different amino acid is a member of the 
group consisting of serine, valine, threonine, cysteine, 

30 glutamine and isoieuciae« 

13, The nucleic acid as recited in claim 12 
wherein said residue at said position comprises a seryl 
residue* 

3S 
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14, The nucleic acid as recital in elaim X3 
Ostein all amino acid residues at all positions in said 
amino acid sequence of said analog axcspt position 2X8 
comprise amino acid residues as disclosed in Table l, 

5 

15. A system for the production of an analog 
o£ a §S£iiMa subtil isin comprising? 

a host ceil? and 

nucleic acid, within said host call, encoding 
10 an analog of subfcilisin having an amine acid sequence 
wherein a residua at a position corresponding to 
position 21* in the amino acid sequence disclosed in 
Table 1 does not co^ise an asparaelnyl residue, 

15 16 * 2*h« system as recited in claim 15 wherein 

said residue at said position comprises a residue of an 
amino acid from the group consisting of serine, valine* 
threonine, cysteine, glutamics and iseleucine. 

20 1.7* ^« system as recited in claim 16 wherein 

said residue at said position comprises a s«yl residue, 

IS. The system acid as recited in claim 1? 
wherein ail residues at all positions except 218 
33 comprise amino acid residues as disclosed in Table I, 

19, The system as recited in claim 18 wherein 
said host ceil is deficient in secreted proteases other 
than suhtilisin. 

30 

20, The system as recited in claim IS wherein 
said nucleic acid is estrachromosomaX. 

21, The system as recited in claim 18 wherein 
35 said nucleic acid is chromosomal* 
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22, A method for improving the thermal ana pB 
stability of a Bacillus subtil imn having an amino acid 
8 ««a«»c§ comprising, an Asn-aiy sequence comprising the 
step of replacing- a residue in said AsnHSiy seqt*«nc» 
5 with a residua of a different amino acid. 

33* The method as recited in claim 22 wherein 
said residue is the asparaginyl residue at the position 
in the amino acid sequence of the Bacillus suhtiXiein 
IS *hich corresponds to position 218 in the amino acid 
sequence as disclosed Table U 

24, A method for improving the. thermal and pll 
stability of a Bacillus subtilisin having an amino acid 

IS sequence comprising an Mn-Gly sequence comprising the 
step of deleting a residue in said Aan~SXy sequence, 

25, A detergent formulation comprising an 
analog of a BacUms subtil is in, said Bacillus 

20 subtliisin having an amino acid sequence comprising an 
Asa-Sly sequence, wherein one or both residues of said 
Asn-Gly sequence are deleted or are replaced, 

26, An analog of a Bacillus subfcilisin, said 
25 analog having an amino acid sequence with fewer . Aan-Sly 

sequences than are present in said Bacillus subtil lain. 



3Q 



35 



SUBSTITUTE SHEET 



WO 87/94461 



1/ 3 



PCT/US87/0OO27 



FIG J 

? 9 o 



and cNrCfiiK-a r c- 



? 9 ? 

-MH-OK-NH-CHfC- -N*KH~Cv Q 

CHfC-NH, — Ol r O-^<H^C- 

o I 0 

+WCM J. and ~^?H~c>o, 

/ x ' 

/ 

/ . 

^ * Hirst IE N *Kp»i 



EcJIT 




SHRftTITHTIS- «UBT»T 



WO 87/04461 



PCT/US87/0Q027 





WO 87/044*1 



3/3 



PCT/liS»7/00O2? 




r 



,:l : : 



C12N 1/20 




, ^ : * ■ 

la) L9«4 

{BTAdL BT ALJ "Replacement ot" tne 
t vitro 



1-26 




Between tne regions cooing for signal 
sequences ana saatura pro tain*, 
pages 8U-SX3, 




.. „ 



BP, k r 130,756 CBOTT El' ALi 01 Seot»8J 1-26 

lyaS, See pages 4, ana 40-45. f 

< 1 1-26 

volume XOVTI, iss-ied IS 7? (80HSNSTEXS j 

ST RL ) "CUsavage at Asn-Giv Bonds witn j 

h:okv a". See pa 4 „ i3 ; 

OS, A, 3, MS, 6*6 (BAR.RAT) 12 October 1 2 5 and 26 

197.6, Sea columns 7-9. | 

US f ht 4,052,262 (HORlKOSfil ST AX) ! 25 and 26 

04 October 1377. See columns IS ! 

aad .16. I 



F 070587/00027 

177 FIELDS SEARCHED CONTI.MUED . 

Automated patent system rus) data base: 

Keywords: subtilisin, mutation, cloning, 
vector and plasmld. 



